Background A federally funded demonstration project (Project SCOPE) was conducted to develop a model for delivering screening colonoscopy to underinsured patients in Suffolk County, NY. The recruitment model featured collaboration between Stony Brook University Medical Center and the Suffolk County Department of Health Services' network of community health centers; bilingual patient navigators, and reimbursement of physicians and the hospital at Medicare rates. Methods We conducted a retrospective analysis of all (11,752) colonoscopies performed at Stony Brook Medicine, during the pre-SCOPE time period (2003)(2004), during SCOPE period (2007)(2008), and post-SCOPE (2010-2011), to measure the impact of SCOPE on reducing racial and ethnic disparities. Multiple logistic regression models were used to compare the likelihood of a patient being Hispanic or African American after adjusting for potential covariates. Results The numbers of Hispanics undergoing colonoscopies were 146 (4.3 %), 506 (12.3 %), and 262 (6 %) during the pre-SCOPE, SCOPE, and post-SCOPE time periods. The numbers of African Americans were 166 (5.1 %), 298 (7.2 %), and 255 (5.8 %). The odds ratio (OR=1.4, 95 % CI=1
Introduction
Racial/ethnic disparities in colorectal cancer (CRC) screening have frequently been reported [1] [2] [3] [4] . Although colonoscopy is increasingly used for colorectal cancer screening, minorities, who comprise one third of the United States population, lag behind non-Hispanic whites [5, 6] . According to the Centers for Disease Control and Prevention (CDC), 46.5 % of Hispanics, 55.0 % of African-Americans, and 46.9 % of Asians underwent screening colonoscopy in 2010 compared to 59.8 % of non-Hispanic whites [7, 8] .
Previous studies have suggested that socioeconomic status may contribute to disparities in CRC screening for minorities. One of the more frequently noticeable covariates attributing to this discrepancy is the health insurance of these patients [3, 9] . According to the United States Department of Health and Health Services (HHS), 30.7 % of Hispanics, 20.8 % of black or African-Americans, and 18.1 % of Asian-Americans were not insured while only 11.7 % of white Americans were uninsured [10] .
To combat this disparity, in [2005] [2006] [2007] [2008] [2009] , the CDC funded five demonstration projects in the USA to potentially increase the rate of CRC screening in the uninsured and underinsured [11] . One of these five projects was led by Stony Brook University Medical Center (SBUMC) in collaboration with Suffolk County Department of Health Services and was known as the Suffolk County Preventive Endoscopy Project (Project SCOPE). Project SCOPE provided the necessary funding to cover the cost for the procedures, which were performed by gastroenterologist at SBUMC. As described in greater detail elsewhere [12] , in addition to removing financial barriers, Project SCOPE used other approaches to facilitate screening colonoscopy completion by underserved racial and ethnic minorities. This included bilingual patient navigators that provided language and culturally appropriate support services. Also, a pre-colonoscopy telephone "visit" with a project clinician made it feasible for patients to make a single visit to the gastroenterologist at the time of colonoscopy, which translated into one less day of work missed. A protocol for patient referral to SCOPE was developed with the County health centers, and this included expedited patient scheduling by the project clinician at the time of the pre-colonoscopy telephone "visit."
This current retrospective study aim to assess the effects of Project SCOPE on the proportion of Hispanics and AfricanAmericans undergoing total and screening colonoscopies at SBUMC, by comparing the proportions prior to, during and after Project SCOPE, taking into consideration the potential confounding covariates such as insurance. Finally, the risk factors associated with specific colonoscopic pathologic outcomes were investigated.
Methods

Patient Data Acquisition and Cohorts
This study was approved by the Institutional Review Boards of Stony Brook University. We used colonoscopy records from January 1, 2003 to December 31, 2011 via SBUMC Endoscopy Database. Personal health information (PHI) was stripped from the data and assigned a patient code for deidentifying purposes. Then, the 2003-2011 data sets were divided into three cohorts: pre-SCOPE time period Other time frames during Project SCOPE were considered but would have included transitional periods of start-up and close-down. The socioeconomic (e.g., insurance), clinical, and pathological metadata were curated from electronic medical records, and Project SCOPE research records were stripped of identifying information after linking this data to the procedures. These variables could be extracted during the Project SCOPE and post-Project SCOPE time periods, but not during the pre-Project SCOPE time period.
Inclusion and Exclusion Criteria
Procedures were excluded from the study if the procedures were incomplete (e.g., poor bowel prep). Because the United States Preventive Services Task Force (USPSTF) recommends screening for individuals over the age of 50 years [13] , only data on patients who were ≥50 and ≤80 were included in the analysis. Procedures performed on patients with inflammatory bowel diseases or on patients with possible ischemic colitis were excluded from this study.
Ethnicity Designation
Based on the United States Census Bureau [6] , patients were classified into five major self-reported racial/ethnic categories: non-Hispanic whites, black or African-American, AsianAmerican, Hispanics/Latinos, and non-Hispanic other. In this study, we focused on Hispanic and African-American minorities, since the proportion of the other minorities was too low to analyze. Also, there were Hispanic Asians and Hispanic African-Americans. These individuals were reclassified as Asian or African-American rather than Hispanics.
Screening versus Diagnostic Colonoscopies
The designation of diagnostic versus screening was assigned according to the American Gastroenterological Association's (AGA) criteria [14] , after reviewing the colonoscopy records and the medical records. The AGA's criteria on screening colonoscopy are asymptomatic patients that only have a previous personal history of polyps or adenocarcinoma and/or family history of polyps or adenocarcinoma. Please note, however, that Project SCOPE's policy for the CDC CRC screening demonstration project excluded patients with a personal history of polyps or adenocarcinoma [11] .
Socioeconomic Status/Other Covariates Socioeconomic status was determined by the patient's medical insurance. Medical insurance was classified into four categories: (1) Private; (2) Medicare (or Medicare equivalent); (3) Medicaid (or Medicaid equivalent); and (4) Self-pay (no insurance). Project SCOPE patients were included in the Selfpay category but their colonoscopies were ultimately paid for by the CDC grant. If there were patients that had multiple insurance coverage plans, we chose their highest level of insurance (Private (highest) > Medicare > Medicaid > Selfpay (lowest).
In addition to insurance, other covariates such as age, gender, smoking, diabetes mellitus, obesity, aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs), and personal and family history of colonic neoplasia have been identified as a risk factor for colonic neoplasia [15] [16] [17] [18] [19] [20] [21] [22] [23] ; therefore, these covariates were also abstracted from the medicals records. Smoking history and family history of colonic neoplasia were self-defined in the medical records.
Pathologic Outcomes
To measure colonoscopic pathologic outcomes, results were classified into the following eight categories: (1) no histopathologic abnormalities; (2) inflammatory polyps only; (3) hyperplastic polyps only; (4) adenomatous polyp only; (5) serrated polyps only; (6) other tumors only (leiomyoma or carcinoids); (7) adenomas and serrated polyps (also termed serrated adenomas); (8) adenocarcinoma (with or without polyps). Also, high grade dysplasia was not noted as a specific pathologic diagnosis because in every case, it was accompanied by another surgical pathology such as tubular adenoma or hyperplastic polyp. Due to limited cases in some categories, only three colonoscopic pathologic outcomes were further investigated in the risk factor analysis: adenoma with or without serrated polyps (categories 4 and 7), serrated polyps with or without adenomas (categories 5 and 7), and adenocarcinoma (category 8).
Statistical Analysis
To compare patient characteristics and other clinical factors among three time periods, chi-square test or Fisher's exact test was performed for categorical variables (e.g., gender and ethnicity/race), and one-way ANOVA or two sample t test was used for continuous variables (e.g., patient's age at procedure and BMI). Univariate logistic regression models were used to assess the odds of a patient being Hispanic or AfricanAmerican in the three time periods first. Any variable that had a p value<0.1 in univariate logistic regression models, and their two-way interactions were further assessed using a multiple logistic regression model. Odds ratios (OR) and their 95 % confidence intervals (CI) reported were from the final model after backward selection with a significance level of 0.05. Firth's bias correction was used to estimate OR if there was zero count in some subgroup. Significance level after Bonferroni adjustment was set at 0.025 to take into account the fact that two different outcome variables were analyzed for the primary objective. As an exploratory analysis, similar modeling strategies were used to assess the risk factors for early diagnosis of colorectal cancer: adenoma with or without serrated polyps (categories 4 and 7), serrated polyps with or without adenomas (categories 5 and 7), and adenocarcinoma (category 8). Bonferroni adjustment was not applied here because of the exploratory nature. SAS 9.3 (SAS Institute, Inc., Cary, NC) was used for all of the statistical analysis in this study and p values were based on two-sided tests.
Results
Patient Characteristics for All Colonoscopies
The patient characteristics of the entire study population for the pre-SCOPE (n=3,267), Project SCOPE (n=4,127), and the post-SCOPE time periods (n=4,358) are shown in Tables 1  and 2 . Based on univariate analysis, higher proportions of Hispanics and African-American patients were observed in the Project SCOPE era compared with either the pre-or post-SCOPE time periods for the overall study population. Significantly, different covariates among all three time periods are listed in Table 1 . Comparison of factors other than medical insurance status, gender, and age could only be conducted on the Project SCOPE and post-SCOPE time periods. The factors that were statistically significantly different between during Project SCOPE and post-SCOPE time periods are listed in Table 2 .
Information on whether a colonoscopy was designated as screening was only available for the Project SCOPE (n= 2,395) and post-SCOPE time periods (n=1,995, Tables 3  and 4 ). Univariate analysis of this more restricted population yielded similar conclusions to those reached for the total study population in which higher proportions of Hispanics and African-American patients were observed in the Project SCOPE versus the post-SCOPE time period. Covariates that were significantly different between Project SCOPE and post-SCOPE time periods for screening colonoscopy patients are listed in Tables 3 and 4 .
Hispanics
The difference in the odds of patients being Hispanic remained significant after controlling for gender, age, and medical insurance and their first-order interaction terms during the three time periods. As shown in Table 5 , patients were more likely to be Hispanic during the Project SCOPE time period compared to the post-SCOPE time period (OR=1.367; 95 % CI=1.149-1.627, p=0.0004), or compared to the pre-SCOPE time period (OR=2.196; 95 % CI=1.779-2.710, p<0.0001). Patients were also more likely to be Hispanic during the post-SCOPE (OR=1.605; 95 % CI=1.290-1.996, p<0.0001) than the pre-SCOPE time period.
When only the Project SCOPE and post-Project SCOPE time periods were considered, additional factors (e.g., tobacco use, see Table 6 ) could be included to assess the contributions of these factors, as well as all their first-order interaction terms. Hispanic patients once again were more likely to undergo colonoscopy during Project SCOPE even after including additional covariates and their two-way interaction terms (OR= 1.283; 95 %=1.062-1.550, p=0.0099). This remained true after repeating the analysis for just screening colonoscopies (OR=1.397; 95 %=1.065-1.833, p=0.016). Table 7 also listed other factors or two-way interactions that were associated with patients being Hispanic based on data from these two time periods.
African-Americans
Gender, medical insurance status, and age and their two-way interactions were further considered when comparing AfricanAmerican patients undergoing colonoscopy during the three time periods. As shown in When only the Project SCOPE and post-SCOPE time periods were considered, additional factors (e.g., tobacco use, see Table 6 ) could be included to assess the contributions of these factors, as well as all their first-order interaction terms. In contrast to Hispanics, not enough evidence existed for the significant difference in the odds of patients being African-Americans (OR=1.120; 95 % CI=0.920-1.364, p=0.2593) after taking into account these additional factors (see Table 6 ). The same situation remained after repeating the analysis for just screening colonoscopies (See Table 7 ). When insurance was removed from the multiple logistic regression model, among all the screening colonoscopy patients, the odds of a patient being African-American during Project SCOPE are higher than in the post-SCOPE time period (OR=1.44, 95% CI=1.13-1.82, p=0031).
Risk Factors for Adenomas, Serrated Polyps, and CRC
As a secondary endpoint, we examined colonoscopy outcomes with respect to the detection of adenomas, serrated polyps, and CRC during the Project SCOPE and post-SCOPE time periods (Supplementary Tables S5-S8, Tables 8 and 9 ). No effect of African-American race or Hispanic ethnicity was detected with respect to these secondary outcomes. Logistic regression analysis revealed that detection of adenomas, when considering all colonoscopies (see Table 8 ), was significantly associated with increased age (OR=1.149/5 years, 95 % CI=1.111-1.187, (Table 8) .
When only screening colonoscopies were analyzed, the total number of adenocarcinomas detected was decreased to only 13 (with 87 detected on diagnostic colonoscopies); whereas the number of adenomas and serrated polyps detected in screening and diagnostic colonoscopies were similar. Logistic regression analysis revealed that detection of adenomas in screening colonoscopies was also significantly associated with increased age (OR=1.186/5 years, 95 % CI=1.126-1.250, p<0.0001), smoking (current smokers vs. patients who never smoked OR = 2.086, 95 % CI = 1.665-2.613, p<0.0001; ex-smoker vs. patients who never smoked OR= 1.363, 95 % CI=1.001-1.727, p=0.0003), and lack of insurance (p=0.0032). Significant first-order interaction terms are listed in Table 8 . Detection of sessile serrated polyps was significantly associated with male gender (OR=2.392, 95 % CI=1.135-5.025, p=0.0219), tobacco (current smokers vs. patients who never smoked OR=4.198, 95 % CI=1.729-10.195, p=0.0015), and NSAIDs use (OR=3.179, 95 % CI= 1.086-9.307, p=0.0349). For screening colonoscopies, only male gender was significantly associated with detection of adenocarcinoma in univariate analysis (p=0.0089) ( Table 9 ).
Discussion
In this study, we report the impact of a federally funded program to expand screening colonoscopy access to indigent patients on the percentage of Hispanic and African-American minorities undergoing colonoscopies at a single academic medical center before, during, and after the program. During the post-SCOPE period, financial assistance reverted to pre-SCOPE levels. For many of the indigent patients, the cost of the screening procedure with maximal financial assistance was beyond their means. Bilingual patient navigator services Tables 1 and 2) were considered in the model. p value was based on Wald Chi-Square value also came to an end. The major observation of this study is that the odds ratio of a screening colonoscopy being completed by a Hispanic patient during Project SCOPE remained significant, even after inclusion of multiple covariates in the logistic regression. Because medical insurance status was included in the analysis, that factor besides removing financial barriers may have contributed. Ninety percent of Hispanic patients preferred Spanish language [11] . The patient interactions with the clinician and patient navigator included education about colorectal cancer and screening during the course of the conversation, e.g., response to patient's questions and addressing fears, which may have previously deterred accepting colonoscopy or understanding the necessity of screening for colorectal cancer. Since language is so critical to general health literacy, the addition of patient navigation likely had a greater impact among Hispanics. Previous publications have also reported the benefits of using patient navigators for underrepresented minorities as well as removal of financial barriers [24] [25] [26] [27] [28] [29] [30] [31] [32] .
In contrast, the likelihood that a patient undergoing screening colonoscopies was African-American did not reach significance when multiple covariates were included in the analysis (Table 5 ), although they did differ significantly if insurance was not included in the model, and there were more African-Americans completing screening colonoscopy during Project SCOPE than post-SCOPE time period. Since AfricanAmericans have a higher risk of colorectal cancer than whites or Hispanics, it is important not to lose sight of the critical role of insurance coverage for early colorectal cancer detection in African-Americans. Access to diagnostic colonoscopy may be less of a barrier than access to screening colonoscopy, and the motivation to complete the screening colonoscopy less strong than in a symptomatic patient seeking a diagnostic colonoscopy. There were fewer African-Americans than Hispanics, possibly related to the demographics of Suffolk County, where Hispanics are the largest growing minority in the region. One potential explanation for the lack of significance is that the analysis including multiple covariates is underpowered. Alternatively, the language barrier and consequently the impact of losing bilingual patient navigator services may have been less of a factor in African-Americans compared to Hispanics.
Through Project SCOPE, a referral protocol and pattern were created for colonoscopy screening of health center patients and survey data collected a month after screening, documented high satisfaction among health center patients with the services received. The overall (modest) increase in the representation of Hispanics and African-Americans in total colonoscopies post-SCOPE compared to pre-SCOPE time period may reflect Project SCOPE's outreach efforts to increase the awareness of the need for colorectal cancer screening in patients attending the surrounding community health centers.
Multiple logistic regression analysis on the detection of premalignant neoplasms (adenomas and serrated polyps) in screening colonoscopies revealed increased detection with lack of insurance, increased age, and smoking. Age [15] and smoking [23] have been previously identified as positively associated with an increased risk of adenomas. The total number of adenocarcinomas detected on screening colonoscopies was only 13. This is because the remaining 81 carcinomas were detected on diagnostic colonoscopies. This greatly limits our ability to analyze the factors associated with detecting adenocarcinomas on screening colonoscopies. On univariate analysis, only male gender was significantly associated with detection of adenocarcinoma. The factors associated with detecting adenomas on screening colonoscopies were similar to those identified with detection of adenomas on all colonoscopies.
Limitations of this study include the data presented is from only a single site. Additional limitations were that complete patient metadata could not be retrieved from the Project SCOPE time period and during the pre-SCOPE time period colonoscopy reports and patient metadata were not available.
While colonoscopy remains the gold standard for the diagnosis of colorectal cancer and the only procedure for the removal of premalignant adenomatous polyps, it remains unclear what the best approach is for initial colorectal cancer screening, particularly in patients with limited financial means [33, 34] . Different insurers vary greatly on which colonoscopic procedures are covered completely and which require copayments [35] . The state of Delaware has taken the lead on expanding coverage for colon cancer screening using colonoscopy as the initial screening tool [36] . The current mechanism for colorectal cancer screening for indigent patients in Suffolk County, New York relies on initial fecal immune chemical testing followed by colonoscopy only if the tests are positive for occult blood through the New York State Department of Health Cancer Services Program [33, 34] . It is critical that the impact of all of these interventions be carefully monitored in order to refine models of delivering colorectal cancer screening to vulnerable populations. Based on the results of this study, Stony Brook University Hospital has made a commitment to hire full time bilingual nurse patient navigator, in order to reduce the language barrier and to continue handling the pre-colonoscopy visit by telephone for eligible patients.
Informed Consent All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. Informed consent was obtained from all patients for being included in the study.
